Wedescribe a 24-year-old pregnant womancomplicated by cyclic neutropenia (CN), who was successfully treated
Introduction
Cyclic neutropenia (CN) is an unusual myelopoietic disorder characterized by a 14~28-day cyclic fluctuation of the neutrophil count in peripheral blood (1) . Patients with CNare occasionally affected by complications such as fever, malaise, aphtous stomatitis, cervical lymphadenopathy and furuncles during the recurrent neutropenic periods (2) . The clinical presentation of CNwas first described in 1910 (3), and thereafter manycases have been reported. However, the pathogenesis of the disease remains unknown. The recently developed recombinant granulocyte-colony stimulating factor (G-CSF) for clinical use has contributed to the prevention of severe infections, thereby improving the management of patients with CN(4).
There have been a few reports on the occurrence of CNduring pregnancy (5) (6) (7) (8) (9) (10) (11) (12) . In most of those cases, the neutrophil count naturally increased as the pregnancy progressed, and as a consequence their infectious complications improved. In this report, we describe a pregnant patient with CN, whoafter the second trimester showeddisappearance of the cyclic fluctuation of the neutrophil count as well as persistent neutropenia up to six monthsafter delivery. After a brief administration of G-CSF at delivery, her neutrophil count increased and she delivered a healthy baby.
Case Report
The patient had a past history of pneumonia at the age of one year and recurrent intraoral aphthae since the age of two. She suffered from recurrent fever, aphthae and furuncles once or twice a monthsince the age of nine. At the age of 17, she was diagnosed as having CN of childhood onset with a 14-day cycle. Since then, the patient occasionally received medications whensymptoms or signs of infection developed. In September 1995, at the age of 24, the patient became pregnant and was referred to our hospital for prenatal care. None of her relatives had cyclic neutropenia. On physical examination at 10 weeks of pregnancy, the patient' s height, body weight, temperature, blood pressure and pulse rate were 143.5 cm, 44.5 kg, 36.8°C, 120/70 mmHgand 72/min, respectively. Intraoral aphthae, furuncles in the abdominal skin and lymph node swelling in the right inguinal region were observed. Laboratory data on admission are summarized in Table 1 . The white blood cell (WBC) count was low, characterized by a marked reduction in neutrophils and an increase in monocytes. The reticulocyte count was slightly increased.
Bonemarrowpuncture was performed at week 1 8 of pregnancy when the neutrophil count decreased to 20/|J.l. The bone marrow picture showed a normoplastic bone marrow with a decreased M/E ratio (0.55) and a remarkable decrease of mature cells in the granulocytic series (Fig. 1) . The patient was negative for anti-nuclear antibody, rheumatoid factor and all other autoimmuneantibodies examined. Phagocytic and bactericidal activities of neutrophils were normal. Figure 1 . Myelogram (HE stain, x400). Examination of bone marrow obtained by puncture revealed that most of the nuclear cells observed were young cells of the granulocytic series and no mature neutrophils were detected. from 1,300 to 138/jllI and from 3 to 1.5%, respectively. The peak neutrophil count decreased gradually and cyclicity became indistinct after week 17 of pregnancy (Fig. 2) . Monocytes and reticulocytes remained unchanged. The platelet count decreased gradually as pregnancy advanced, which was unrelated to changes in the neutrophil count. Since Streptococcus agalactae, a bacterium which can cause premature delivery, was detected in her vagina, periodic cleaning of the vagina was performed. After 40 days of hospitalization, the patient was discharged because of improvementof her symptoms,although her neutrophil count fluctuated between 20 and 200/|Lil without obvious cyclicity. During hospitalization, her G-CSF concentrations increased about 20-80 times ( 1 1 3-332 pg/ml) the normal level, which was unrelated to the cyclicity of the neutrophil count. In January 1996, at the beginning of week 25 of pregnancy, a persistently low neutrophil count (<50/|Lil) was noted (Fig. 2) . The patient was hospitalized again due to high fever, severe furuncles in the abdominal region, intraoral aphthae and gingival swelling. On admission, her neutrophil count was 100/|Lil and C-reactive protein (CRP) was 9.2 mg/dl. Candida albicans was detected in her vagina, but the patient serum wasnegative for Candidaantigens. There were no ill-defined densities on the chest X-ray films. Nopathogenic bacteria were isolated from cultures of samples taken from the pharynx, urine, feces or blood. After treatment with antibiotics (2 g/day, piperacillin) her symptoms of infection improved, and the CRP level decreased to 3.0 mg/dl. There were no clinical signs of imminent abortion or problems in fetal growth. Despite the persistently low neutrophil count and the disappearance of cyclicity, the patient refused to stay in the hospital and was discharged again after three weeks of hospitalization.
On May 1, 1996, when labor pains started at week 39 of pregnancy, infusion of G-CSF (filgrastim 600 (ig/body/2 h) was started. Three hours after the start of G-CFStherapy, the patient delivered a healthy baby boy by vaginal delivery. Her Date (1995) (1996) Figure 2. Changes in the WBC(solid line) and neutrophil (dotted line) count during pregnancy and after delivery. The cyclic neutropenia observed in the first trimester of pregnancy disappeared soon after hospitalization, but neutropenia (<150/fil) persisted for five months after delivery. day after delivery and 6 days after delivery they were Hb 16.9 g/dl, Ht 47.7%, RBC 477xlO7|il, WBC7,000/nl (neutrophil 32.0%), Pit 32.0xl07|Lil. The patient was started on antibiotics (2 g/day, cefazolin) just after delivery until six days after delivery. From the second day after delivery, y-globulin (5 g/day) was also administered intravenously for three days along with G-CSF (150 |ig/body/day, s.c.) for six days to maintain a neutrophil count of above 3,000/|il. One week after discontinuation of G-CSFtherapy, the neutrophil count rapidly decreased from 17,900/jLil to 1 ,800/jil. In order to prevent bilateral mastitis during lactation, lactation was suppressed by administering bromocriptine (2.5 mg/day). Severe persistent neutropenia was observed even at six months after delivery (Fig. 2) . During this period, recurrence of aphthae and furuncles wasobserved, although no severe infections were detected.
Discussion
Amongover 100 reports of CN, only seven cases of CN during pregnancy have been reported to date (Table 2 ). In many of these cases the neutrophil count increased and cyclicity disappeared during pregnancy, and this was associated with an improvement of symptomsdue to infections. These changes were thought to be a consequenceof the increased levels of steroid hormones and macrophage colony stimulating factor (M-CSF) derived from the placenta (ll, 12). However, there was one patient whoshowedworsening of neutropenia during pregnancy and persistence of the cyclicity of the neutrophil count. The clinical course of the present patient was quite different from any of the reported cases in that during pregnancy cyclicity of the neutrophils count completely disappeared and severe neutropenia persisted. Yoshida et al ( 12) indicated that placental dysfunction might be the cause of continuation of cyclicity and severe neutropenia during pregnancy. They also showedthat the placenta of their patient was small and serum levels of humanplacental lactogen and urinary estriol were Internal Medicine Vol. 39, No. 8 (August 2000) 
